Six patients whose cardiac malformations included a large ventricular septal defect (VSD) in the inlet portion of the septum and straddling tricuspid valve underwent corrective intracardiac operations. In four patients, both the tricuspid valve annulus and its tensor apparatus occupied part of each ventricle. In one, only the annulus overrode the ventricular septum and in one the annulus was normally positioned, but a portion of the tensor apparatus crossed through the VSD from its origin in the left ventricle. This last patient had related mitral valve incompetence. One patient had an isolated VSD and one had isolated, multiple VSDs and a previously banded pulmonary artery. Associated malformations in the other four included tetralogy of Fallot, double outlet right ventricle, transposition of the great arteries with severe tricuspid incompetence, and corrected transposition. Hypoplasia of the sinus portion of the right ventricle was present to some degree in four patients. Preoperatively the diagnosis was definitively established by axial cineangiocardiograms in three and suspected in one.
SUMMARY Six patients whose cardiac malformations included a large ventricular septal defect (VSD) in the inlet portion of the septum and straddling tricuspid valve underwent corrective intracardiac operations. In four patients, both the tricuspid valve annulus and its tensor apparatus occupied part of each ventricle. In one, only the annulus overrode the ventricular septum and in one the annulus was normally positioned, but a portion of the tensor apparatus crossed through the VSD from its origin in the left ventricle. This last patient had related mitral valve incompetence. One patient had an isolated VSD and one had isolated, multiple VSDs and a previously banded pulmonary artery. Associated malformations in the other four included tetralogy of Fallot, double outlet right ventricle, transposition of the great arteries with severe tricuspid incompetence, and corrected transposition. Hypoplasia of the sinus portion of the right ventricle was present to some degree in four patients. Preoperatively the diagnosis was definitively established by axial cineangiocardiograms in three and suspected in one.
The straddling tricuspid valve was preserved in the repair in five patients, but tricuspid valve replacement was used in the patient with severe tricuspid incompetence. In one case, intraoperative electrophysiologic mapping studies were performed and showed abnormal conduction pathways.
Five patients survived the hospital period. Postoperative cardiac catheterization studies were performed in four, one of whom died 16 months postoperatively from chronic congestive heart failure. The remaining four survivors have had a good clinical result.
A STRADDLING atrioventricular (AV) valve overrides a ventricular septal defect (VSD) to communicate with both ventricles. Although Rastelli and colleagues in 1968 described four patients with straddling AV valves who were operated upon unsuccessfully,' the surgical management of this uncommon problem has not been discussed in detail. Two of these patients developed AV block intraoperatively. We have performed intracardiac repairs in six patients who had various cardiac malformations that included a large VSD in the inlet septum and a straddling tricuspid valve, with one hospital death and one late death. This experience indicates that successful repair is often possible, but that the straddling valve poses special diagnostic and surgical problems.
The terminology used to describe these abnormally positioned AV valves has varied in the literature.2 6 In this manuscript we describe a group of patients with two separately formed AV valves in whom the tricuspid valve annulus or its tensor apparatus or both occupied part of each ventricle. We have followed the advice of Bharati and Lev (personal communication, 1978) by describing straddling as 1) basilar when the annulus overrides the projected plane of the ventricular septum, 2) peripheral when the tensor apparatus occupies part of each ventricle, and 3) complete when both the annulus and tensor apparatus have a biventricular location. We do not differentiate between "overriding" and "straddling," but use these terms interchangeably.
Materials and Methods
Six patients with straddling tricuspid valve have undergone corrective intracardiac surgery at our center between 1967-1978. Patients with classic univentricular hearts or complete AV canal defects were not included.
Preoperative studies included axial cineangiographic studies7 in five patients (cases 1-5).
The operations were done using cardiopulmonary bypass and hypothermia.8 The actual techniques and the methods of myocardial preservation varied some over the years in which these patients were operated upon. In case 1, intraoperative electrophysiologic mapping techniques were used to search for the bundle of His.9
The postoperative care was done in the usual way.
Results

Diagnosis
The diagnosis of straddling tricuspid valve was made definitively by preoperative cineangiographic studies in cases 1, 2 and 5, and was suspected in case 3. The preoperative angiocardiograms of cases 1, 3 and 5 are shown in figures 1-4. Case 6 was operated upon in 1973, before current angiocardiographic techniques had been developed. The basic malformation (and hypoplasia of the right ventricular sinus when present) was diagnosed in each patient at the preoperative study. The anatomic details of the VSD and of the straddling valve were verified by careful observation at operation.
Four patients (cases 1-4) had complete straddling of the tricuspid valve, one (case 5) had basilar straddling, and one (case 6) had peripheral straddling. All had a large VSD in the inlet portion of the ventricular septum,10 and four (all except cases 4 and 6) had some degree of hypoplasia of the right ventricular sinus. The tricuspid valve was competent in five patients and severely incompetent in one (case 2). The leaflets were normal in two (cases I and 3), redundant in three (cases 2, 4 and 5), and a portion of the septal leaflet was absent in one (case 6). Chordae tendineae from the septal leaflet (cases 1-4) or anterior leaflet (case 6) of the straddling tricuspid valve inserted into 1) two accessory papillary muscles on the left ventricular side of the septum in cases 1 and 4; 2) two accessory papillary muscles on the left ventricular free wall in case 3; and 3) the "'normal" posteromedial papillary muscle group of the mitral valve in cases 2 and 6. In case 5, only basilar straddling was present and the septal leaflet chordae tendineae inserted on the right ventricular side of the septum inferior to the crest of the VSD. the details of each patient are shown in table 1.
Surgical Management
The basic malformations were managed in the usual manner.
The straddling AV valve was preserved in repairing the VSD, unless preoperatively it was severely incompetent (case 2). In this patient with complete straddling, transposition of the great arteries, VSD and pulmonary stenosis, the tricuspid valve was excised. A Rastelli operation11 was performed, but the intracardiac patch used to route left ventricular blood through the VSD to the aorta was sutured on the left ventricular side of the septum inferiorly, in an attempt to enlarge the tricuspid inlet. Despite this, when a 29mm stent-mounted, Hancock porcine heterograft was used to replace the valve, one strut of the prosthesis displaced the patch leftward. Also, the prosthetic orifice looked primarily at the ventricular septum and the VSD patch, rather than into the right ventricular sinus. This resulted from the magnitude of atrioventricular septal malalignment. When the straddling tricuspid valve was competent and the chordae from the septal leaflet traversed the VSD to attach to papillary muscles on the left ventricular side of the septum, the VSD was repaired by attaching the patch to the left ventricular side of the ventricular septum beyond the anomalous papillary muscles, as in one patient (case 1) who had complete straddling, isolated VSDs, and right ventricular hypoplasia. In the second patient with complete straddling, an isolated VSD (case 4) and a normalsized right ventricle, the patch was placed on the right ventricular side of the septum, using the usual technique to avoid the bundle of His.'2 A slot was left in the patch for passage of the anomalous chordae tendineae crossing to a left ventricular papillary muscle. In the fourth patient with complete straddling, a competent valve and corrected transposition (case 3), the patch was placed entirely within and sutured to the free wall of the left ventricle, septating this ventricle as in the repair of a univentricular heart.'3 The mitral (right AV) valve and pulmonary outflow tract were to the right of the patch and that part of left ventricle containing tricuspid chordae, the VSD, and the right ventricle with the remaining tricuspid valve elements were to the left of the patch.
The patient with basilar straddling (case 5) and double outlet right ventricle had septal leaflet chordae that inserted on the right side of the crest of the "noncommitted" VSD inferiorly. The VSD was enlarged anteriorly and the patch used to create a left ventricular-aortic tunnel on the right ventricular side of the septum. The plane of the tricuspid valve annulus made an angle of about 450 with the plane of the dacron patch. No gradient was present across the left ventricular outflow pathway, but tricuspid stenosis seemed to be present. In the patient with peripheral straddling (case 6) and tetralogy of Fallot, part of the patch was placed across the VSD and attached to the left ventricular posteromedial papillary muscle between chordae of the mitral valve (to the left) and the chordae of the tricuspid valve (to the right). In all instances, the entire tricuspid valve apparatus was on the morphologic right ventricular side of the patch after repair.
The usual rules concerning placement of the patch so as to avoid AV block'2 had to be ignored in five patients (all except case 4); nonetheless, only one of these patients (case l) developed complete AV block. The VSD in case 4 was closed with a patch placed on the right ventricular side of the septum after the usual precautions were taken to avoid injury to the conduction tissue, but surgical AV block nevertheless developed. In one patient (case 1), electrophysiologic mapping was done at operation. His spikes were not detected in the right atrium, but were identified along the left side of the accessory left ventricular papillary muscle to which the tricuspid septal leaflet chordae attached ( fig. 5 ). This patient developed complete AV dissociation during the repair.
Hospital Course
One patient (case 5) died on postoperative day 2 from low cardiac output. Autopsy was not allowed. This patient was in sinus rhythm postoperatively, as was each of the five hospital survivors, except cases 1 and 4. In these patients a permanent pacemaker was subsequently inserted.
Late Results
Postoperative cardiac catheterization studies were made in four patients (table 2) . Cases 1, 3 and 6 had no gradient across the repaired tricuspid valve. Case 4 received closure of the VSD with a slotted patch, and, although she is asymptomatic, a small residual shunt is suggested by the presence of a systolic murmur and mildly increased pulmonary vascularity on plain chest x-ray. The postoperative right ventricular angiocardiogram from case 1 is shown in figure 6.
Severe mitral incompetence was evident postoperatively in the patient with peripheral straddling and tetralogy of Fallot (case 6), and 3 months later the cleft in the anterior mitral leaflet was repaired, and mitral annuloplasty was performed.
One patient (case 2) died 16 months postoperatively with massive cardiomegaly and chronic congestive heart failure. Cardiac catheterization a month before death showed a 10-mm gradient across the valved external conduit and a 9-mm gradient across the tricuspid prosthesis. The outflow tract of the left ventricle was unobstructed, but the left ventricle itself was markedly enlarged and uniformly hypokinetic. At autopsy the left ventricle was markedly enlarged, with multiple areas of myocardial and subendocardial fibrosis. Both atrial appendages contained thrombi.
The repairs were intact. The other four patients (cases 1, 3, 4 and 6 are clinically well at present. 
Discussion
Morphology
The terminology used to describe these hearts is controversial. Some authors have considered straddling tricuspid valve as a partial type of double inlet left ventricle.' 3 6 Shinebourne and associates14 describe hearts with more than 50% AV annular overriding as univentricular, and distinguish between the terms overriding and straddling, the former describing the position of the annulus and the latter the position of the tensor apparatus. We have followed the recent advice of Bharati and Lev (personal communication, 1978) in describing straddling as complete, basilar or peripheral according to the specific valve elements that straddle the septum. Four of our patients had complete straddling, one had basilar straddling and one had peripheral straddling.
In this experience, straddling tricuspid valves complicated the problem in a variety of malformations.
The pathologic anatomy of various malformations associated with straddling AV valves has been described by Liberthson and colleagues,2 Rastelli and colleagues,' and others.3-6, 1 Like these workers," 2 we excluded patients who clearly had only one ventricular chamber (with either a common AV valve or two AV valves) and those who had complete AV canal.
In Rastelli's description of straddling AV valves, the VSD was described as being of the AV canal type.' Whether or not this is always true, the VSD is usually at least in the inlet portion of the septum and intimately related to the tricuspid valve. Some have suggested that malalignment of atrial and ventricular septa is common in hearts with straddling AV valves.', 16 Such malalignment always occurs when the straddling is basilar or complete.
The AV block that developed in two of Rastelli's four cases' and two of ours, and the malalignment of the atrial and ventricular septa, raise questions about the location of the AV node and the course of the bun-Aorta Septal Leaflet 4 Cornary Sinus FIGLURE 5. Drawing of the ventricular septal defect (VSD) as seen through the straddling tricuspid valve in case 1. The accessory left ventricular papillary muscles with respective chordae tendineae attaching to the septal leaflet are shown. The conduction tissue was identified electrophysiologically along the inferior accessory papillary muscles (+) and was not detected along the crest of the VSD (0). dle of His in patients with straddling AV valves. Although abnormally located peripheral conduction pathways were demonstrated in one of our patients (case 1), additional electrophysiologic and anatomic studies are required to elucidate this matter.
Hypoplasia of the right ventricular sinus was present in four of our six patients, corresponding quite well to the experiences reported in the literature'-6, 16 (table   3 ). The degree of hypoplasia does not seem necessarily related to the extent of the straddling. Two patients in our group did not have right ventricular hypoplasia: one had complete and one peripheral straddling of the tricuspid valve. Abnormalities in the size of the tricuspid annulus, leaflet architecture, and competence seem to be frequently present. The tricuspid valve was severely incompetent in one (case 2) of our six surgical patients. In another (case 6), a portion of the septal leaflet was absent, and redundant tricuspid valve leaflets were present in three (cases 2, 4 and 5).
Also, coexisting mitral valve abnormalities, including incompetence, stenosis, parachute deformity, hypoplasia and atresia have been reported.'-6, 16 One of our patients (case 6) had a cleft anterior mitral leaflet. In this patient, severe mitral incompetence was evident after repair, which may not have been present before operation. Reoperation for repair of this cleft and mitral annuloplasty was successful.
Diagnosis
Precise and complete preoperative diagnosis is very important in attaining good results from surgical treatment. Repairs of malformations with straddling AV valves are complex, and the surgeon is much better prepared for doing the operation when his or her understanding of the defects is complete preoperatively.
Straddling tricuspid valve can be diagnosed by conventional echocardiography, angiocardiography and two-dimensional, real-time ultrasonic imaging.2' 151 7
The former two techniques can elucidate basilar straddling, while the latter may, in addition, permit diagnosis of peripheral straddling by detecting abnormally positioned chordae tendineae and papillary muscles. LaCorte and associates used conventional echocardiography to diagnose straddling tricuspid valve in eight patients. '6 The echocardiographic features included demonstration of the opening of the septal leaflet posterior to the ventricular septum and into the left ventricle in seven patients, and the anterior leaflet crossing the plane of the ventricular septum in diastole in four patients. They indicated the usefulness of the echo technique in differentiating straddling tricuspid valve from univentricular heart with two AV valves (complete double inlet left ventricle). Tajik and associates described the technique of complete two-dimensional ultrasonic examination of the heart and great vessels, and indicated the capacity of this method to evaluate the presence of atrial and ventricular septal defects, to detect malalignment of atrial and ventricular septa and to detect structural abnormalities and displacement of AV valve leaflets and peripheral elements."7 This noninvasive method, therefore, may prove to be especially effective in diagnosing straddling AV valves.
We have relied primarily on angiocardiographic techniques for diagnosing straddling AV valves and the basic malformation. The use of angiocardiographic techniques to diagnose straddling tricuspid valve has been successful after injection into the right atrium and left ventricle in the left anterior oblique projection.2' 15 16 We believe that axial cineangiography with injection of contrast medium into the right and left ventricle in the "four-chamber view" best shows the inlet portion of the ventricular septum and defects in this region. It also shows the relationship of the AV valves to each other and to the ventricular septum.7 18 This projection provides excellent angiographic definition of a straddling tricuspid valve annulus."8 The right ventricular angiocardiogram in the "four-chamber view" shows the conical shape of the right ventricular sinus with incomplete visualization of the straddling tricuspid valve ring, in a heart with normal atrioventricular relations, because part of the valve is displaced leftward (fig. 1 passes into the right ventricular outflow tract, obscuring the part of the tricuspid valve that overrides the ventricular septum. The left ventriculogram in the "four-chamber view" shows the ventricular septum forming the right border of the ventricle during systole, which in part is interrupted by the presence of the straddling tricuspid valve ring ( fig. 2 ). During diastole, the nonopacified blood from the right atrium creates a filling defect in the left ventricular outflow tract, where chordae tendineae from the tricuspid valve may sometimes be identified ( fig. 2 ). The tricuspid valve ring is seen displaced leftward, overriding the ventricular septum. The presence, size and competency of both mitral and tricuspid valves are defined in this projection. In some malformations with associated straddling tricuspid valve, the long axial view may better define the degree of straddling (figs. 3 and 4).
Surgical Treatment
When the tricuspid valve is severely incompetent, it usually must be replaced. In our patient (case 2) in whom this was necessary, the abnormal geometric relation between the tricuspid annulus and the ventricular septum made the stent-mounted heterograft used for replacement look at and abut the VSD patch. In such a situation, use of a tilting disc prosthesis may be preferable, as it can be oriented so that the plane of the opened disc parallels the plane of the patch used to close the VSD.
Every effort should be made to preserve the tricuspid valve, and our experience to date suggests that is usually possible. The patch used to close the VSD, or, in some malformations, to route left ventricular blood through the VSD to the aorta, usually should be placed so that the entire tricuspid valve apparatus remains upon the right ventricular side of the patch (fig. 7) . The potential of creating tricuspid stenosis, left ventricular outflow obstruction or mitral incompetence during the repair must be constantly in the surgeon's mind. When a straddling tricuspid valve complicates corrected transposition, and the left ventricle is of adequate size, its septation as described for case 3 seems an ideal way of meeting the objectives of the operation ( fig. 8 ).
Apparently, operations for malformations with straddling tricuspid valves carry a greater-than-usual potential for producing AV block. Intraoperative electrophysiologic mapping should therefore be done whenever possible.
Right ventricular hypoplasia is not usually a contraindication to repair. When present, however, a judgment is required during corrective surgery to decide if the expected chamber size after correction will be sufficient to provide a normal cardiac output. When the right ventricle after repair will function as the systemic ventricle, as in corrected transposition, this becomes a major factor in deciding upon the ideal type of repair.
Although not used in this small series, we recognize that a modified atriopulmonary conduit procedure, as described by Fontan,'9 is another option for some patients with straddling tricuspid valve and normal pulmonary vascular resistance. This procedure consists in closure of the triscupid valve, interatrial defect and main pulmonary artery, and placement of a valved conduit from right atrium to pulmonary artery. It may be appropriate to simultaneously construct a superior vena cava-right pulmonary artery anastomosis, as described by Glenn.20 The risk of corrective surgery is undoubtedly increased by the presence of straddling AV valves, as compared with risk of repair of a similar cardiac defect with normal AV valves. In addition, some patients may require prosthetic tricuspid valve replacement, the use of a valved external conduit or a permanent cardiac pacemaker. Therefore, initial palliative procedures should be advised for most symptomatic patients younger than about 5 years of age. Patients with associated severe pulmonary stenosis or atresia should initially receive a systemicpulmonary artery shunt, particularly if the pulmonary arteries are small, because shunting can enlarge and preserve them for the definitive repair.2' In patients without pulmonary stenosis who are prone to develop pulmonary vascular disease, pulmonary artery banding is advisable by age 1 year, or sooner should severe congestive heart failure occur. Again, the preservation of the pulmonary vascular bed for later repair is one goal. Corrective operations for most patients should be deferred until significant symptoms recur after the initial surgical palliation, or, for asymptomatic patients, until about 5 years old. The precise timing for corrective surgery must balance the increased surgical risk and potential need for an artificial valve, external conduit or pacemaker against the magnitude and type of symptoms, previous palliative procedures and the estimated natural history of the patient.
